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Flume experiments suggest that, in a braided stream, terraces are formed from bars under ero sional conditions. The terraces are often soon eroded out or replaced by newly-forming bars, while the experimental parameters change very slowly. This paper examines these processes of terrace forma tion with the aid of field data on the Holocene terraces of the Nedori River, in the Nikko volcanic area.
Five terrace surfaces, T1, T2, T3, T4 and T5 ranging in order from the older to the younger, stretch along a steep gravel-bed channel of the Nedori; here T1 and T3 are fill terrace surfaces formed in the Late Glacial time and the hypsithermal period, respectively. The other surfaces were formed by the downcutting of the T1 and T3 surfaces. The downcutting which formed the T2 surface was rapid and intensive, reflecting a highly erosional hydraulic condition of the Late Glacial-Holocene transi tional period. The formation of the T4 and T5 surfaces is well elucidated by means of the processes observed in the course of the flume experiments, firstly because the former channels and bars on the T4 and T5 surfaces have a distribution pattern quite similar to that observed on the channel bed of the flume; and, secondly, becuuse the profiles of these surfaces and the present channel bed show a remarkably undulated form which is also characteristic of the channel bed of the flume. As the level of the terrace surface is included in the amplitude of channel bed undulation, the terrace surface is easily eroded or overlapped by newly-forming bars, as was observed in the flume experiments. These facts suggest a relatively small change in hydraulic conditions after the hypsithermal period, a change which was insufficient to provoke an intensive downcutting.
I. The Context of the Problem
In the flume experiments of NOGAMI et al. (1975), and of SUGITANI (1985) , processes involving a braided stream were observed in relation to the longitudinal migration of bars. When the channel maintains a stationary state, in which sand and waterr are supplied to the flume at a constant rate, an undulated bed form appears due to the accumu lation and the scouring of bars (Figs. la and lb). During the experiments, the bars migrate down stream. The bed form, therefore, is not stable but changes from moment to moment under the sta tionary state condition of the channel.
The concept of a dynamic equilibrium of this kind was stated earlier by KESSELI (1941) and MACKIN (1951) as opposed to the Davisian concept of the graded river. From the sixties, the concept of the response time in a feedback system (SCHUMM, 1977, pp. 4-12; CHORLEY, SCHUMM and SUGDEN, 1984, pp. 5-11) has reinforced the dynamic equilibrium theory.
When the hydraulic balance of the flume changes to the erosive phase due to the decrease of the sand supply or the increase of the discharge, or the tilting of the flume, the bars on the channel bed emerge from the upper reaches and form ter races (Fig, 1c) . However, these terraces are often replaced by newly-forming bars, or are soon eroded out, especially when a slight change occurs in the experimental parameters (SUGITANI, 1985, Fig. 2) . This result suggests that there is no essential difference between these terraces and temporary bars.
From a similar viewpoint, SCHUMM (1977, pp. 75-77, pp. 212-221 etc.) discussed the proceses of river terracing, utilizing the concepts involving threshold and the complex response of the drain age basin. But the role of channel bed undulation, which might be more important than it seems, where terracing processes are concerned, was not sufficiently evaluated.
Many studies on bars, which focused on the migration of bars during a period of hundreds of years at the longest (for example, WERRITTY and FERGUSON, 1980) , also failed 
II. Survey Area
The survey area is located in the valley of the Nedori, a tributary of the Daiya which dissects the Nikko volcano group (Fig. 2) . The valley is steep and has a boulder riverbed. The drainage area of the Nedori is 2.4kmz, and the base run-off is roughly estimated at 0.2m3/s.
Many Holocene terraces stretch along the Nedori at a level below that of a well-developed fill terrace which, in this paper, is denoted as the T1 
The T1 surface
This is the highest terrace surface correspond ing to the depositional surface of the G2 gravel (Figs. 5 and 6). The G2 gravel unconformably overlies the oldest fluvial deposits found in and around the survey area, which is thus denoted as the G1 gravel (Fig. 5) . The G1 gravel consists of slightly bedded subrounded pebbles and boulders, up to 50cm in diameter. It has a hard and silty matrix of a dark reddish-brown color. The G2 gravel is not stratified, and reaches a thickness of about eight meters. It includes subangular cob bles and boulders of two to three meters in dia meter at maximum.
The upper part of the G2 gravel is intercalated with the Imaichi scoria bed (IS) and the Shichi honzakura pumice bed (SP) (Figs. 5 and 6). They were erupted from Mt. Nantai, only 8km west of the survey area, during 14,000 to 13,500 years BP. (YAMASAKI, 1957; Nikko Sabo Works Office, 1984) . The top soil on the T1 surface is more than 30cm thick, and colored black to brown. Consequently, the T1 surface is tephrochronologically related to the Late Glacial river terrace surface. The intense accumulation of G2 gravel, probably cuased by debris flows, is considered to have been related to the climatic changes of that time, although the effect of the eruption of Mt. Nantai connot be disregarded.
The T2 surface
This is a fragmentarily developed fillstrath ter race (HOWARD, 1959) surface, which was formed by a rapid downcutting after the deposition of G2 gravel (Fig. 6) . The surface is not continuous, and its longitudinal profile is sometimes intersected by the T3 surface (Fig. 4) . Therefore, the original T2 surface is sometimes covered with the G3 gravel which comprises the T3 surface (Fig. 5) .
The T3 surface
The T3 terrace is a widespread and relatively continuous fill terrace (Figs. 3 and 4) . The terrace deposits consist of a relatively thin and loose gravel which is denoted as the G3 (Fig. 5) . The G3 gravel is composed of gravel ranging from sub rounded pebbles to boulders up to 40cm in diame ter. The matrix is silty sand, although the gravel is sometimes matrix-free. The soil is about 30cm thick, and colored black to brown. The G3 gravel unconformably overlies the G2 gravel, but it is difficult to distinguish the unconformity surface, because huge blocks of the G2 gravel are often left in the G3 gravel (Fig. 6) .
At the mountain foot, there are alluvial cones on the T3 surface. A star in Figure 3 indicates where the lower slopes of alluvial cones are partly cut by the former channel on the T3 surface. This rela tionship suggests that these alluvial cones were formed simultaneously with the T3 surface.
The T4 surface
This terrace surface is developed chiefly in the upper reaches of the survey area, where it partly covers the T3. In the lower reaches, it becomes narrow, and is partly covered by the T5 (Figs. 3  and 4) . The deposits of the T4 consist of the G3 gravel composed of slightly bedded pebbles and boulders with a sandy matrix (Fig. 5) . The soil is poorly developed, about 10 cm deep, and colored brown. The soil on the T4 and older surfaces includes grayish-white aeolian pumice grains, correlated to the Futatsudake pumice bed (FP) (ARAI, 1979; Nikko Sabo Works Office, 1984; OIKAWA and MIYAJI, 1985) , which erupted from Mt. Haruna, 70km southwest of the survey area in the last quarter of the sixth century or about 1,400 years ago. The horizon of FP on the T4 surface is almost at the bottom of the soil. Therefore , it is clear that the T4 surface dates from the sixth cen tury. Many boulder heaps, called former bars in this paper, are recognized as typical of this surface (Fig. 3) . Most of them are tongue-shaped, and their height, starting from the base, reaches a maximum of about one meter. Their profiles are not projected in Figure 4 .
The T5 surface
This is the lowest terrace surface fringing the present river channel (Fig. 3) . The relative height of this surface in comparison with that of the present river bed is less than two meters.
The tree-covered former bars along the channel, which are marked with '5' in Figure 3 , are thought to correspond to the bars developing on the T5. Most of the former channels in Figure 3 also seem to be correlated to the T5, because their profiles continue smoothly up to that of the T5 (Fig. 4) .
The deposit of the T5 terrace consists of the G3 gravel. But the surface is not, covered with FP, a fact which distinguishes the T5 from the T4 (Figs. 5 and 6). Judging from the age of FP, it is obvious that the T5 surface does not date from 1,400yr. BP. but is younger. And the former bars asso ciated with the T5 are, at least, some tens of years old, judging from the breast-high diameter of trees covering them. As shown in Figure 4 , the profile of the T5 seems to continue on to the present channel bed at the lowest reach of the survey area. And the level of the T5 surface is near to that of the present bar, where the relative height bet ween the T5 surface and the present channel bed is small. These facts suggest that the T5 surface is not completely terraced. This problem will be discussed in the following section. This implies that the amount of debris supply exceeded the river discharge to a less degree than it did in the Late Glacial time.
Many alluvial cones which were constructed with the T3 surface suggest the increase of rainfall dur ing the period of G3 accumulation.
The hypsi thermal humid climate is, therefore, attributed to the age of the T3, although no materials for dating have been found from this surface. The rate of downcutting after the formation of the T3 surface is not high. This means that the climatic changes after the hypsithermal period were not as remarkable as those of the Late Glacial-Holocene transitional period. The changes in the balance of debris supply and the river discharge are thought to have been slight and slow during the period when the T4 and T5 surfaces were formed. Hence, the river channel underwent a slightly erosive hydraulic phase simi lar to that observed in the flume experiment by SUGITANI (1985) .
Upon the formation of the T4 and T5, the valley width became narrower than before, in line with the downcutting which succeeded the formation of the T3 (Fig. 3) . The narrow, steep channel bed also presented a condition topographically similar to the conditions prevailing in the flume experi ment. The following two phenomena observed on the T4 and T5 surfaces prove that these surfaces were created by the terrace formation processe proposed through the means of the flume experi ment described before: 1) Channel and bar patterns on the terrace sur faces: Figure 3 shows clearly that the T4 surface is composed of channels and bars. Their distribu tion pattern on the T4 surface is quite similar to that observed in the flume experiment. The T5 surface and associated former bars also exhibit similar channel and bar distribution patterns.
2) The overlapping of terrace surfaces and bars: The profiles of the T4 and T5 surfaces and the present channel bed show a remarkable undu lation (Fig. 4) . The altitudinal range between the highest and the lowest points of the undulation is called the amplitute. If we plot the level of bars associated with the T5 surface, the amplitude of the undulation of T5 will include the level of T4. On the other hand, if we plot the level of the pre Figure 7 Schematic diagram of river processes sent bars, the amplitude of the present channel bed undulation will include the T5 level. These facts indicate that the T4 and T5 surfaces are not com pletely terraced. Thus, they correspond to the ter races which appear and then are often replaced by newly-forming bars or soon eroded out during the flume experiment under a slightly erosive hydrau lic balance condition. Under a condition such as this, the present channel has an undulation with an amplitude of about one to two meters. When the level of the terrace surface is less than the amplitude of the channel bed undulation, as in the cases of the T4 and T5, the overlapping of terrace surfaces occurs. Figure 7 schematically shows the relations between the amplitude of the channel bed undula tion and the terrace surface, the level of which is supposed to correspond to that of the former channel bed. The overlapping of the T4 and T5 surfaces and the present channel bed suggests that the effect of climatic changes on the hydrau lic balance of the river was not sufficient to pro voke a distinct terracing after the hypsithermal period. The age of the T4 surface might corres pond to one of the Neoglacial phases which SAKA GUCHI (1982, 83) called the 'Kofun cold stage'. He pointed out that floods occurred frequently in cen tral Japan at this stage; but the insufficient differ entiation of the T4 and T5 surfaces suggests that the climatic change was not as strong as it was in the hypsithermal period.
